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On the mechanism of the phosphaturia of extracellular fluid
volume expansion in the dog. This study was designed in an at-
tempt to clarify the mechanisms involved in the phosphaturia of
extracellular fluid volume expansion (ECFVE) in the dog and to
determine if the time interval between the suppression or removal
of the parathyroid glands and ECFVE plays a role in the phos-
phaturic response. Studies were performed on 20 healthy,
trained, unanesthetized dogs. Fractional phosphate excretion
(FE04) was 5.4% during the control studies; after expansion
with isotonic saline, FEB04 increased to 31 .6% and fractional
sodium excretion (FENa) was 10.9%. Plasma Ca and Mg levels
decreased by approximately 1 and 0.5 mg/I 00 ml respectively.
When these studies were repeated 4 to 6 days after thyropara-
thyroidectomy (T-PTX), the degree of phosphaturia had dimin-
ished, and FE0 had increased from 3 to 12%. However, when
the same studies were performed in dogs with intact parathyroid
glands, with either Ca or Mg added to the infusate during ECFVE,
no change in FEB04 was observed. in order to clarify the difference
in the results obtained in dogs with suppression of PTH secretion
by Ca or Mg with those from dogs studied several days after
T-PTX, acute experiments were performed within 2 to 4 hours
of T-PTX. In this setting ECFVE produced no significant change
in FEB04, although marked natriuresis ensued. The results
suggest the existence of a regulatory system for phosphate
excretion in addition to parathyroid hormone.
A propos du mécanisme de Ia phosphaturie déterminée par
l'expansion du volume extra cellulaire chez le chien. Ce travail est
destine a essayer de clarifier le mécanisme impliqué dans Ia
phosphaturie de l'expansion du volume extracellulaire chez Ic
chien (ECFVE) et de determiner si le temps écoulé depuis Ia
suppression des parathyroides et I'ECFVE joue un role dans Ia
réponse phosphaturique. Des etudes ont été rCalisées chez 20
chiens bien portants, entrainés, non anesthésiés. L'excrétion
fractionnelle de phosphate (FE04) était de 5.4% durant les
périodes de contrôle. Après expansion avec du solute sale iso-
tonique FEB04 a augmenté jusqu'à 31.6 % et l'excretion frac-
tionnelle du sodium (FENa) jusqu'à 10.9%. Les concentrations
plasmatiques de Ca et Mg ont diminué de 1 et 0.5 mg/i00 ml
respectivement. Quand ces etudes ont été répétécs 4 a 6 jours
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après thyroparathyroIdectomie (TPTX), l'importance de Ia
phosphaturie a diminué et FEB04 a augmenté de 3 a 12%.
Cependant quand le même protocole a été réalisé chez des
chiens aux parathyroides intactes mais auxquels du Ca ou du Mg
était perfuse pendant l'expansion, aucun changement de FEB04
n'a été observe. Afin d'éclaircir la raison de Ia difference dans les
résultats obtenus par Ia suppression de la secretion de PTH par
le Ca ou Ic Mg d'une part et ceux observes plusieurs jours
après T-PTX, des experiences aiguës ont été réalisées 2 a 4
heures aprés T-PTX. Dans cette situation l'expansion n'a produit
aucune modification significative de FE04 malgré Ia presence
d'une natriurèse importante. Ces résultats suggèrent l'existence
d'un système régulateur de l'excrétion des phosphates autre que
Ia PTH.
Extracellular fluid volume expansion (ECFVE) by the
infusion of saline solution is characterized by an increase in
the excretion of sodium [1—5], magnesium [6], calcium
[6—8], bicarbonate [9—li], and glucose [12]. An increase in
phosphate excretion also has been demonstrated [7]. How-
ever, since the ECFVE causes a dilution of ionized calcium,
the results could be due to stimulation of the parathyroid
glands with consequent increase in the secretory rate of
parathyroid hormone and subsequent inhibition of phos-
phate reabsorption by the kidney. Massry et a! [13 and
Suki et al [14] have demonstrated that the phosphaturia
induced by fluid volume expansion in dogs is not completely
abolished by parathyroidectomy. Their results suggest that
an increase in parathyroid hormone levels secondary to a
decrease in serum calcium during expansion is presumably
not the only mechanism responsible for the phosphaturia.
Frick [15], on the other hand, was unable to demonstrate
an increase in phosphate excretion in parathyroidectomized
rats after extracellular fluid volume expansion. However, a
comparable degree of natriuresis was achieved before and
after surgery. The seemingly discrepant nature of these
results stimulated us to reexamine the relationship between
extracellular fluid volume expansion and phosphate ex-
cretion and to determine if the time interval between the
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suppresion or removal of the parathyroid glands and extra-
cellular fluid volume expansion plays a role in the phos-
phaturic response.
Methods
A total of 35 experiments was performed on 20 female
adult mongrel dogs ranging in weight from 12 to 20 kg.
All the experiments were performed on unanesthetized,
trained dogs. The animals were fed standard dog chow,
and they were in the animal care facilities for at least seven
days before any experiments were performed. Food was
removed from the cages at 5 PM the day before the experi-
ment. The dogs had free access to water. On the morning
of the experiment a catheter was inserted in the hind limb
veins for the infusion of different solutions. A second
catheter was placed in the jugular veins for blood collec-
tions, and a Foley catheter was inserted in the bladders for
urine collections. The dogs received 1 ml/kg body weight
of a solution containing 5% of creatinine in 5% dextrose
in water as a prime and 2.5% dextrose in water containing
creatinine as a sustaining solution at the rate of 2 to 2.5 ml!
mm. After 45 to 60 mm of equilibration, three or more
control periods were obtained. Thereafter, several tests
were made.
1. Expansion with isotonic saline alone. In a group of
eleven dogs, after control clearance periods were obtained,
the infusate was changed to isotonic saline, and the dogs
were infused at the rate of 13 mI/mm until an expansion
equivalent to 10% of body weight had been achieved.
Thereafter, three additional clearance periods were collect-
ed.
2. Expansion with isotonic saline plus calcium. In a second
group of seven dogs studied similarly, calcium in a final con-
centration of 9 to 11 mg/100 ml was added to the infusate.
3. Expansion with isotonic saline plus magnesium. In a
group of five dogs, magnesium was added to the saline
infusion so as to deliver 190 iEq Mg/mm.
4. Expansion four to six days after thyroparathyroidec-
tomy (T-PTX). Thyroparathyroidectomy was performed in
four dogs. Removal of the parathyroid glands was judged
to be complete if the animals became hypocalcemic and
developed clinical manifestations of tetany. Calcium was
added to the diet in order to keep the dogs alive; eventually
all the dogs expired with serum calcium values as low as
4 mg/lOO ml. Four to six days after T-PTX, experiments were
performed. After three to four control periods were ob-
tained, the infusate was changed to isotonic saline plus
calcium at a concentration of 9 to 11 mg/100 ml at the rate
of 13 ml/min as described in I.
5. Effects of calcium or magnesium in a previously ex-
panded dog. Four dogs were studied after expansion with
isotonic saline. Calcium or magnesium was then added to
the infusate while the expansion continued for another
3 to 5 hr, after which three more clearance periods were
collected.
6. Effects of acute thyroparathyroidectomy. In four dogs
the experiments were performed 3 hours after thyropara-
thyroidectomy. The dogs were awake, and after three
control periods were collected, the animals were expanded
with isotonic saline plus calcium in a fashion identical to
that used for the animals studied four to six days after
thyroparathyroidectomy.
Glomerular filtration rate was measured by the exo-
genous creatinine clearance; phosphate clearance was
measured concurrently. Creatinine concentrations in urine
and plasma was determined according to the method of
Bosnes and Taussky [16], phosphate, following the method
Gomori [17]. Calcium and magnesium were measured
with an atomic absorption spectrophotometer (IL Model
153). Ionized calcium was measured anaerobically using a
flow-through electrode (Orion; Cambridge, Massachusetts),
and urinary and plasma sodium were measured by an IL
Flame Photometer (Model 143).
Results
Table 1 summarizes the results obtained in 11 dogs
before and after expansion with isotonic saline at the rate
of 13 ml/min. GFR increased from 64.1 ml/min to
87.2 3.6 ml/min after expansion. There was a decrease in
mean serum calcium levels from 9.8±0.12 to 8.8±0.22
Table 1. The effects of isotonic saline expansion (10% body weight) on phosphate and sodium excretion in 11 normal dogs a
Dog Condition GFR
mi/mm
Cr04
mi/mm
FEB04
%
P T'Ca Mg FENa
%
UNaV
ijEq/mmnmg/100 ml
Mean Control 64.1 3.38 5.4 4.6 9.8 1.86 0.06 5.04
1.69
Mean Expansion 87.2 27.3 31.6 4.3 8.8 1.44 10.93 1280.0
±sE ±3.6 ±3.4 ±4.0 ±0.4 ±0.22 ±0.05 ±0.64 ±87.4
P <0.001 <0.001 <0.001 NS <0.005 <0.001 <0.001 <0.001
Abbreviations: GFR = glomerular filtration rate; Cr04 = phosphate clearance; FEB04 = fractionalphosphate excretion; P = plasma
phosphorous; 1Ca = plasma calcium; P= plasma magnesium; FENa = fractional sodium excretion; UNaV = absolute sodium excre-
tion in iEq/min.
a All the results represent the mean values for three or more clearance periods.
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Table 2. The effects of isotonic saline expansion, plus calcium 9 to 11 mg/100 ml, on phosphate and sodium excretion in seven normal
dogs
Dog Condition GFR
mi/mm
Cr04
mi/mm
FEB04
%
P "Ca 'Ca "Mg FENa
%
UNaV
pEq/minmg/i00 ml
1 Control 74.5 0.52 0.70 3.8 9.5 5.64 1.94 0.09 8.2
Expansion 85.9 0.70 0.81 4.1 9.4 6.52 1.91 9.56 1132.0
+ Ca
2 Control 66.1 4.80 7.26 6.0 10.3 4.70 2.05 0.10 10.4
Expansion 91.8 6.10 6.64 6.0 10.7 5.80 1.37 11.50 1418.0
+ Ca
3 Control 62.0 3.11 5.02 3.6 9.4 5.00 2.20 0.06 5.4
Expansion 74.1 5.09 6.87 4.4 10.0 5.50 1.50 15,10 1530.0
+ Ca
4 Control 49.3 2.07 4.20 6.7 9.6 2.04 0.03 2.0
Expansion 63.6 2.78 4.37 5.0 9.8 0.94 12.00 1059.0
+ Ca
5 Control 54.2 0.98 1.80 5.8 10.4 4.80 1.90 0.01 1.0
Expansion 77.9 0.00 0.00 5.3 9.9 5.40 1.39 9.05 1001.0
+ Ca
6 Control 77.5 1.29 1.66 3.3 10.1 4.70 2.15 0.04 4.2
Expansion 101.0 3.72 3.68 3.8 10.2 5.60 1.14 11.40 1595.0
+ Ca
7 Control 51.1 0.29 0.57 5.0 10.0 1.85 0.07 5.1
Expansion 66.7 0.72 1.08 6.0 9.6 1.63 7.83 731.0
+ Ca
Mean Control 62.1 1.87 3.03 4.9 9.9 4.97 2.02 0.06 5.2
sa 4.2 0.61 0.95 0.5 0.15 0.18 0.05 0.01 1.2
Mean Expansion 80.0 2.73 3.35 4.9 9.9 5.76 1.34 10.9 1209.0
+Ca ±5.1 ±0.89 ±1.06 ±0.33 ±0.16 ±0,20 ±0.09 ±0.9 ±119.0
p NS NS NS <0.05 <0.005 <0.001
Abbreviations: see Table 1; 'Ca = ionized calcium.
mg/100 ml. Serum magnesium also fell from 1.86 ±0.10 to
1.44 ± 0.05 mg/l00 ml. Fractional phosphate excretion in-
creased from 5.4 ± 1.69% to 31.6 ± 4.0%. Sodium excretion
rose from 5 to 1280 pEq/min, and fractional excretion from
0.06 to 10.9%. Expansion with isotonic saline alone was
characterized by a marked phosphaturia and natriuresis.
At the same time serum calcium and magnesium were
falling.
Since calcium and magnesium levels play an important
role in the regulation of parathyroid hormone secretion
and since both hypocalcemia and hypomagnesemia de-
veloped during expansion with isotonic saline alone,
studies were performed in which extracellular fluid (ECF)
volume was expanded with solutions containing either
calcium or magnesium. These studies were performed in
dogs with intact parathyroid glands. Table 2 illustrates the
results obtained in a group of seven dogs in which calcium
in a concentration of 9 to 11 mg/lOOml was added to the
infusate. GFR increased from 62.1 ±4.2 to 80± 5.1 ml!
mm. Total serum calcium did not change and mean values
were 9.9±0.15 during the control periods and 9.9±0.16
mg/lOO ml after expansion. Ionized calcium was determined
in five dogs. Mean values were 4.97 ±0.18 and 5.76 ±0.20
mg/lOO ml after expansion. The increment in ionized
calcium and not in total serum calcium probably relates to
a dilution in serum protein after expansion. Fractional
excretion of phosphorus did not change following expansion
despite the fact that the animals developed a marked na-
triuresis. Sodium excretion was 5.2±1.2 iiEq/min during
the control periods and increased to 1209 ± 119 pEq/min
after expansion. In these experiments no magnesium was
added to the infusate and serum magnesium concentration
decreased from 2.02 to 1.34 mg/100 ml. Nevertheless,
phosphaturia was inhibited.
Since magnesium also plays an important role in the
regulation of PTH secretion [18—22] and expansion de-
creases serum magnesium by at least 0.5 mg/100 ml, the
role of magnesium was examined in five dogs (Table 3) by
infusing 190 tEq of Mg/mm during the expansion proce-
dure. Serum magnesium concentration increased from
2.1 ± 0.05 mg/100 ml to 6±0.39 mg/lOO ml. Despite a
striking decrease in total and ionized calcium, from 10 to
7.8 and from 4 to 3.4 mg/l00 ml respectively, and a marked
increase in GFR, from 63.8 to 84.2 mI/mm, the clearance
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Table 3. The effects of isotonic saline expansion, plus magnesium delivered at the rate of 190 jjEqlmin, on phosphate and sodium ex-
cretion in five normal dogs
Dog Condition GFR Cr04 FEB04 'Mg 'Ca 'Ca FENa UNaV
mi/mm mi/mm % mg/100 ml mg/100 ml % pEq/mmn
1 Control 75.0 3.20 4.3 3.2 2.1 9.4 3.9 0.3 26.8
Expansion 87.0 0.41 0.5 3.0 6.0 7.1 2.8 10.3 1271.0
+Mg
2 Control 67.0 0.45 0.7 4.6 2.1 10.3 4.6 0.2 14.6
Expansion 88.0 2.20 2.5 5.4 5.7 8.7 4.3 10.8 1301.0
+Mg
3 Control 67.2 0.05 0.1 5.2 2.0 10.4 4.4 0.05 4.4
Expansion 108.1 0.05 0.0 5.9 5.2 9.3 4.2 5.7 901.0
+Mg
4 Control 65.8 1.81 2.8 3.5 1.9 9.9 3.3 0.4 35.9
Expansion 83.4 1.94 2.3 3.2 5.8 7.6 2.7 7.4 800.0
+Mg
5 Control 44.2 1.77 4.0 3.7 2.2 9.8 3.8 0.1 6.5
Expansion 54.7 2.64 4.8 3.8 7.5 6.5 3.2 14.3 1166.0
+Mg
Mean Control 63.8 1.46 2.4 4.0 2.1 10.0 4.0 0.21 17.6
±SE ±5.17 ±0.60 ±0.85 ±0.37 ±0.05 ±0.18 ±0.23 ±0.06 ± 6.2
Mean Expansion 84.2 1.45 2.0 4.3 6.0 7.8 3.4 9.7 1087.8
±SE +Mg ±8.6 ±0.51 ±0.84 ±0.59 ±0.39 ±0.51 ±0.34 ±1.48 ±100.7
<0.001 <0.02
Abbreviations: As in Table 1; 'Ca ionized calcium.
Table 4. The effects of isotonic saline expansion plus calcium on phosphate and sodium excretion in a group of 4 dogs, 4 to 6 days
after T-PTX
Dog Condition GFR Cr04 FEB04 'Ca 'Mg FENa UNaV
mi/mm mI/mm % mg/lOOml % IiEq/min
I Control 35 0.64 1.83 4.2 8.7 1.7 0.13 5.7
Expansion 50 5.90 11.80 4.4 10.2 1.2 14.20 958.0
2 Control 51 3.50 6.86 5.1 8.0 1.6 0.00 1.0
Expansion 59 11.70 19.80 5.2 9.9 1.3 12.90 1032.0
3 Control 42 0.50 1.19 5.5 6.8 1.3 0.30 13.6
Expansion 52 4.10 7.88 5.8 9.1 1.2 5.9 438.0
4 Control 45 0.60 1.33 4.2 7.6 1.6 0.08 4.8
Expansion 76 5.90 7.76 3.6 9.8 1.0 9.4 984.0
Mean Control 43.3 1.31 2.80 4.8 7.8 1.6 0.13 6.3
±SE ±3.33 ±0.73 ±1.36 ±0.33 ±0.40 ±0.09 ±0.06 ±2.6
Mean Expansion 59.3 6.90 11.81 4.8 9.8 1.2 10.6 853.0
±SE ±5.9 ± 1.66 ±2.82 ±0.48 ±0.23 ±0.06 ± 1.87 ± 139.2
Abbreviations: As in Table 1.
of phosphorus did not change and fractional phosphate
excretion actually decreased slightly from 2.4 to 2.0%.
Natriuresis was clearly observed here, as it had been in the
other experiments.
In order to determine the role of PTH in the phosphaturia
of extracellular fluid volume expansion, T-PTX was per-
formed in a group of four dogs, and studies were done 4 to
6 days after the surgical procedure. The results are illustrated
in Table 4. GFR increased from 43.3 ± 3.33 ml/min to
59.3 ± 5.9 mi/mm after expansion. Fractional phosphate
excretion increased from 2.8±1.36% to only 11.8±2.82%
following expansion, as compared with an increase to 31 %
in the dogs with intact parathyroid glands. Sodium excretion
increased from 6.3 ±2.6 to 853 ± 139 pEq/min.
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Table 5. The effects of calcium on phosphate and sodium excretion on a previously expanded normal dog with isotonic saline
Time GFR Cr04 FEB04
mi/mm mi/mm %
"Ca "Mg FENa UNaV
mg/100 ml % Eq/min
Creatinine prime and sustain (2.5% D W at 2.5 mi/mm) started at —53 mm
0—35 55.5 0.88 1.59 3.8 9.8 1.95 0.02 1.7
35—55 52.0 0.67 1.29 3.7 9.6 1.98 0.03 3.1
55—72 50.0 0.53 1.06 3.5 9.8 2.00 0.06 3.7
Mean 52.5 0.69 1.31 3.7 9.7 1.98 0.04 2.8
Normal saline (0.9% NaCl) at 13 mI/mm started at 73 mm
210—219 68.1 22.5 33.0 4.3 8.8 1.60 11.51 1082.0
219—228 75.5 22.5 29.8 4.2 8.8 1.60 11.68 1094.0
228—239 67.0 21.0 31.3 4.2 9.0 1.66 10.81 1002.0
Mean 70.2 22.0 31.3 4.2 8.9 1.62 11.34 1059.0
Normal saline + 11 mg/100 ml Ca at 13 mI/mm started at 240 mm
487—496 81.8 0.22 0.27 4.1 10.9 1.15 10.93 1229.0
496—502 80.2 0.23 0.28 4.1 10.9 1.21 10.91 1203.0
502—508 82.4 0.24 0.29 3.9 10.9 1.16 10.33 1170.0
Mean 81.5 0.23 0.28 4.0 10.9 1.17 10.72 1201.0
Abbreviations: see Table 1.
Table 6. The effects of magnesium on phosphate and sodium excretion on a previously expanded normal dog with isotonic saline
Time GFR FEB04
mi/mm mi/mm %
"Ca 'Mg FENa UNaV
mg/100 ml % Eq/min
Creatinine prime and sustain (2.5% D W at 2.5 mI/mm) started at —50 mm
0—16 65.5 3.0 4.9 5.8 10.6 2.15 0.04 3.1
16—30 73.8 4.0 5.4 5.7 10.6 2.13 0.04 4.1
Normal saline (0.9% NaC1) at 13 mI//mm started at 31 mm
103—111 93.0 21.3 22.9 5.5 9.8 1.78 10.9 1376.0
111—120 95.0 19.4 20.4 5.5 9.8 1.72 9.9 1275.0
Normal saline + Mg 190 iEq/min at 13 mi/mm started at 121 miii
287—297 120.4 6.5 5.4 6.3 8.7 4.74 13.6 2190.0
297—305 118,7 6.5 5.4 6.1 8.8 4.92 13.8 2217.0
Abbreviations: see Table 1.
Since the phosphaturia obtained after expansion with
intact parathyroid glands was much greater than that ob-
served four to six days after parathyroidectomy, a group of
experiments was performed in four dogs in which calcium
or magnesium was added to the infusate and continued for
at least 3 hr after the time that phosphaturia was produced
with saline alone. Tables 5 and 6 depict the results obtained
when two dogs were infused, with calcium or magnesium,
respectively, for several hours after expansion. Phosphat-
uria and natriuresis were observed after expansion, but
when calcium or magnesium was added to the infusate
in an effort to suppress parathyroid hormone release,
the phosphaturia returned to control levels despite
persistent natriuresis, a result that demonstrates a com-
plete dissociation between sodium and phosphate ex-
cretion.
In order to clarify the difference in the phosphaturic
response observed 4 to 6 days after parathyroidectomy and
that observed during acute suppression of PTH release
induced by the administration of calcium or magnesium, a
series of ECF volume expansion experiments were per-
formed 2 to 4 hr after surgical parathyroidectomy. Table 7
illustrates the results obtained in a group of four dogs.
When ECF volume was expanded with isotonic saline
within 3 hr of thyroparathyroidectomy, GFR and sodium
excretion increased as in all previous experiments. How-
ever, fractional phosphate excretion did not change signi-
ficantly from control values. This is in striking contrast to
the results obtained 4 to 6 days after thyroparathyroidec-
tomy, at which time fractional phosphate excretion in-
creased from 3 to 12% following expansion.
Fig. I summarizes the results obtained in these studies.
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TabJe 7. The effects of isotonic saline expansion plus calcium on phosphate and sodium excretion in a group of four dogs, 2 to 3 hours
after T-PTX
Dog Condition GFR
mi/mm
Cr04
mi/mm
FEB04
%
P Ca 1Mg FENa
%
UNaV
pEq/minmg/JOOml
1 Control 74.5 0.17 0.23 5.9 8.6 1.95 0.06 5.4
Expansion 94.6 0.65 0.69 6.5 9.9 1.47 7.10 919.2
2 Control 65.0 1.11 1.70 4.4 9.3 1.65 0.09 6.8
Expansion 88.4 0.82 0.93 5.0 10.1 1.67 9.30 1148.0
3 Control 75.6 0.35 0.46 6.6 10.1 1.50 0.19 18.6
Expansion 89.3 2.40 2.44 6.4 10.5 1.40 11.00 1319.0
4 Control 52.1 0.46 0.88 5.7 8.4 1.40 0.14 5.4
Expansion 74.0 1.30 1.76 5.6 9.8 1.80 7.20 919.2
Mean Control 66.8 0.52 0.82 5.7 9.1 1.63 0.12 9.1
±s ±5.44 ±0.20 ±0.32 ±0.46 ±0.39 ±0.12 ±0.03 ±3.2
Mean Expansion 88.6 1,29 1.46 5.9 10.1 1.59 8.65 1076.4
±SE ±4.4 ±0.55 ±0.40 ±0.35 ±0.15 ±0.09 ±0.93 ±97.2
P NS
Abbreviati ons: see Table 1.
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Discussion
The results obtained in these experiments support the
role of parathyroid hormone in the genesis of the phos-
phaturia observed during ECF volume expansion. How-
ever, as has been shown previously by other investigators
[13, 14], some degree of phosphaturia still occurs during
saline expansion in dogs that have been parathyroidecto-
mized for at least several days.
Filtered load of phosphate. One of the factors that should
be considered in the genesis of the phosphaturia during
volume expansion is the increase in the filtered load of
phosphate due to the increase in glomerular filtration rate
which occurs after expansion. However, reduction in the
filtered load of phosphate by constriction of the renal
artery [14], or placement of a balloon in the aorta [13], has
failed to abolish the phosphaturia produced by extracellular
fluid volume expansion. In our experiments the increment
in the filtered load of phosphate after expansion was simi-
lar in the group of experiments in which saline alone or
saline plus calcium or magnesium was infused in the dogs.
Despite a similar increase in filtered load, there was a
greater amount of phosphate excreted following expansion
in animals in which saline alone was administered. The
filtered load of phosphate in animals several days after
T-PTX was not greater than that found in animals a
few hours after T-PTX; therefore it cannot account for
the difference in phosphate excretion in the two types of
studies. These observations do not support the concept of
Suki et al [23] that the failure to demonstrate increased
phosphaturia during expansion in acute parathyroidectom-
ized animals may be due to a decrease in the filtered
load of phosphate.
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Saline
After PTX
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Parathyroid hormone. Extracellular fluid volume ex-
pansion with isotonic saline alone is characterized by a
decrease in the concentration of calcium and magnesium.
A decrease in the concentration of these cations is known
to stimulate the parathyroid glands. The fact that the phos-
phaturia was observed several days after parathyroidectomy
could indicate that the parathyroid hormone plays a minor
role in the regulation of phosphate excretion during ex-
pansion. Obviously, this does not seem to be true. When
calcium or magnesium was added to the infusate in an
effort to prevent the release of parathyroid hormone, the
phosphaturia was inhibited.
Correlation between phosp hate and sodium excretion. Inter-
estingly enough, when the animal was expanded with saline
alone, phosphaturia was observed; if calcium or magne-
sium was subsequently added to the solution and the in-
fusion was continued for several hours, until the levels of
serum PTH were presumably decreased, the phosphaturia
decreased and returned to control levels despite an increase
in sodium excretion from 5 to 2000 sEq/min. These results
suggest a complete dissociation between phosphate and
sodium excretion.
Comparison of results obtained 3 hr and 4 to 6 days after
thyroparathyroidectomy. In order to clarify the difference
in the phosphaturic response observed in the chronically
parathyroidectomized animals and the acutely "chemically
parathyroidectomized" dogs, experiments were performed
within 3 hr of surgical parathyroidectomy. No significant
increase in phosphate excretion occurred following volume
expansion. In the studies performed by Massry et al [13]
and Suki et al [14] all the expansion experiments were
performed several days after parathyroidectomy. The
studies reported by Frick [15] in the rat were performed
immediately after parathyroidectomy. Apparently the time
interval between parathyroidectomy and volume expansion
is critical and seems to influence the phosphaturic response.
Several factors have been postulated as responsible for the
natriuresis observed during the administration of saline.
However, these factors could be generally classified as
hemodynamic and/or humoral [1—5]. Which of these
factors plays the predominant role in the phosphaturia from
volume expansion is difficult to determine from the data
obtained in these experiments. A complete dissociation
between phosphate and sodium excretion is clearly de-
monstrable, however. Recently, Agus et al [24] have postu-
lated that proximal phosphate reabsorption is dependent
upon sodium reabsorption and the phosphaturic effect of
FUR is secondary to inhibition of sodium reabsorption
mediated via cyclic AMP, presumably through stimulation
of adenyl cyclase. At the present time we cannot offer a
definitive explanation for this change in response to time.
Presumably there is a regulatory system for phosphate
excretion in addition to PTH, and perhaps this mechanism
manifests itself when the renal tubular epithelial cells have
not been stimulated by PTH for a prolonged period of time.
The possibility exists that a competitive action for receptor
sites between parathyroid hormone and the different factors
triggered during volume expansion may explain the dis-
crepancy in the results obtained immediately after thyro-
parathyroidectomy and those obtained 4 to 6 days after
thyroparathyroidectomy.
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